The first phytochemical investigation of Casearia graveolens twigs led to the isolation and identification of a new clerodane diterpene, caseariagraveolin (1), together with six known compounds (2-7). Their structures were elucidated by intensive analysis of their spectroscopic data. Compound 1 showed strong cytotoxicity against oral cavity and breast cancer cell lines with IC 50 values of 2.48 and 6.63 µM, respectively.
The Casearia genus (Flacourtiaceae) is well recognized as a rich source of clerodane diterpenes [1-3], many of which have been reported to possess biological properties such as cytotoxicity [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , anti-malaria [14] , and anti-fungal activities [15] . In this study we report for the first time the phytochemical investigation of the twigs of C. graveolens collected from Doi Tung, Chiang Rai Province, Thailand. The EtOAc extract of the twigs showed strong cytotoxicity against oral cavity (KB, 88.72% inhibition) and breast cancer (MCF7, 70.62% inhibition) cell lines. These preliminary bioactivity results encouraged us to further isolate and purify a new clerodane diterpene, caseariagraveolin (1), along with six known compounds, casearlucin G (2) [2] , casearvestrin C (3) [15] , casearvestrin B (4) [15] , caseargrewiin L (5) [11] , casearvestrin A (6) [15] and caseamembrol B [7] . Caseariagraveolin (1) was obtained as a colorless viscous oil. It showed a pseudomolecular ion peak at m/z [M+Na] + 539.2612 (calcd. 539.2615) in the HRESITOFMS. The IR spectrum displayed absorption bands for carbonyl groups (1762 and 1728 cm -1 ). The 13 C NMR and DEPT spectral data (Table 1) showed 29 resonances attributable to nine methines, five methylenes, seven methyls and eight quaternary carbons. The 1 H NMR spectral data (Table 1) indicated a basic skeleton of a clerodane diterpene, which is commonly found in the genus Casearia [4, 14] . Resonances were observed for two methyl groups at  H 1.02 (3H, d, J = 6. The E-geometry of C-12/C-13 was identified by the assistance of NOESY experiments ( Fig. 2 ), in which cross-peaks between the resonances for H-12 and H-14 and between H-15a and H-16 were observed. The HMBC correlations of H-11 and H-12 to C-9 indicated that the 3-methyl-2,4-pentadiene unit was placed at C-9. Finally, the 2-methylbutanoyloxy ester unit was deduced from the following 1 H and 13 The relative stereochemistry of C-2, C-5, C-8, C-9, C-10, C-18 and C-19 was assigned by the information obtained from the NOESY spectral data. The correlations between H-10 and H-19, and H-19 and the 18-OAc methyl protons indicated that H-10, H-19 and 18-OAc group are located on the same side of the tricyclic ring structure. The lack of a NOESY correlation between H- 18 trans. Also, Me-17 and Me-20 were trans due to the lack of their mutual correlation in the NOESY experiment. The relative stereochemistry of H-2 was assigned as β-orientation because of it splitting pattern [11, 14] , as well as the information provided by the NOESY correlations between H-3 and H-2, and H-3 and H-18.
Caseariagraveolin (1) showed strong cytotoxicity against an oral cavity cell line with an IC 50 = 2.48 µM (ellipticine, IC 50 = 4.54 µM and doxorubicin, IC 50 = 1.12 µM) and breast cancer cell line with an IC 50 = 6.63 µM (tamoxifen, IC 50 = 19.67 µM and doxorubicin, IC 50 = 17.93 µM). All known compounds have been reported as cytotoxic against several cancer cell lines [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Experimental
General: The optical rotation [α] D values were determined with a Bellingham and Stanley ADP400 polarimeter. UV-vis spectra were recorded with a Perkin-Elmer UV-vis spectrometer, the IR spectra with a Perkin-Elmer FTS FT-IR spectrometer, and the NMR spectra with a 400 MHz Bruker NMR spectrometer. Chemical shifts are recorded in parts per million () in either CDCl 3 or acetone-d 6 with TMS as an internal standard. The HRESITOFMS data were measured on an Agilent 6530 LC-qTOF High Mass Accuracy mass spectrometer. Quick column chromatography (QCC) and column chromatography (CC) were carried out on silica gel 60 H (Merck, 5-40 µm) and silica gel 100 (Merck, 63-200 m), respectively. Sephadex LH-20 was also used for CC. Precoated plates of silica gel 60 F 254 were used for analytical purposes.
Plant material:
The twigs of C. graveolens Dalzell were collected in October 2012 from Chiang Rai Province, Northern Thailand. The plant was identified by Mr Martin van de Bult, and the specimen (MFU-NPR0062) was deposited at the Natural Products Research Laboratory, School of Science, Mae Fah Luang University, Thailand.
Extraction and isolation:
Air-dried twigs of C. graveolens (5.45 kg) were extracted with EtOAc (20 L) over a period of 3 days at room temperature. Removal of solvent under reduced pressure provided the EtOAc extract, which was subjected to QCC over silica gel eluting with a gradient of hexanes-acetone (100% hexanes to 100% acetone) to afford 17 fractions (A−Q). Fraction F (1.56 g) was isolated by Sephadex LH-20 eluting with MeOH and followed by CC using EtOAc-hexanes (0.5:9.5, v/v) to afford compound 1 (20.1 mg, colorless viscous oil). Fraction H (1.18 g) was further fractionated by QCC eluting with a gradient of hexanes-acetone (100% hexanes to 100% acetone) to provide 11 sub-fractions (7A−7K). Compound 2 (1.1 mg, yellow viscous oil) and 3 (11.2 mg, yellow viscous oil) were purified from sub-fraction 7H (114.4 mg) by CC with acetone-CH 2 Cl 2 (0.5:9.5, v/v). Sub-fractions 7I (260.2 mg) and 7K (101.2 mg) were combined and separated by CC using acetone-hexanes (1:3, v/v) to yield compound 4 (22.2 mg, yellow viscous oil). Compound 5 (9.3 mg, colorless viscous oil) and 6 (10.8 mg, colorless viscous oil) were obtained from fraction G (467.4 mg) by CC with hexanes-CH 2 Cl 2 (3:2, v/v). Fraction D (1.85 g) was separated by CC with acetone-CH 2 Cl 2 (0.5:9.5, v/v) to afford compound 7 (4.3 mg, yellow viscous oil). 
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Cytotoxicity assay:
The procedures for cytotoxicity assay of oral cavity cancer (KB) and breast cancer (MCF7) cell lines were performed using the resazurin microplate assay (REMA), which was a modified method of fluorescent dye for the mammalian cell cytotoxicity [23] . The standard compounds for the oral cavity cell lines were ellipticine and doxorubicin, which had IC 50 values of 4.54 and 1.12 µM respectively. Tamoxifen and doxorubicin were use as standard compounds for the breast cancer cell line and had IC 50 values of 19.67 and 17.93 µM respectively. 
